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ACTIVATING EXPRESSIOH OF AN AHPLinflHG ENOOGEKOUS GENE BY HOMOLOGOUS 
REC0K8IHATI0N. 

RMrkground of thfl Tnventittii 

Current approaches to traating diaaasa by adainiater- 
ing therapeutic proteins inoluda in yitlfl production of 
5 therapeutic proteins for conventional pharaaceutical 

delivery (e.g. intravenous, subcutaneous, or intraauscular 
injection) and, ttore recently, gene therapy. 

Proteins of therapeutic interest are generally pro- 
duced by introducii^g exogenous OKA encoding tha protein of 

10 therapeutic interest into appropriate cells. Presently- 
available approaches to gene therapy na]ce use ot infec- 
tious vectors, such as retroviral vectors, which include 
the genetic material to be expressed. Such approaches 
have limitations, such as the potential of generating 

IS replication-coapetant virus during vector production: 

recoabinatlon betvaen tha therapeutic virus and endogenous 
retroviral genomes, potentially generating infectious 
agents with novel cell specificities, host ranges, or 
increased virulence and cytotoxicity? independent Integra- 
"20 tion into large nimbers of cells, increasing the risJc of a 
tufflorigenic insertional event; limited cloning capacity, in 
the retrovirus (which restricts therapeutic applicability) 
and short-lived in ylyo expression of the product of 
interest. A better approach to providing gene products, 

25 particularly one which avoids tha risks associated with 
presently available methods and provides long-term treat- 
ment, would be valuable. 

gMTnriarr^,.,.o;t thg.Snyantlgn 

The present invention relates to improved methods for 
3a both the In vitro production of therapeutic proteins and 
for the production and delivery of therapeutic proteins by 
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gene therapy. The present s^athod deeoribea an approach 
which activates expresaion of endogenous cellular genes, 
and further allows aoplifioation of the activated endoge- 
nous cellular genes, Which does not require in :£iiJ^ 
5 manipulation and tranafection of exogenous DKA encoding 
proteins of therapeutio interest. 

The present invention relates to transfected cells, 
both transfected primary or secondary cells (i.e., non- 
iaaortalizad cells) and transfected laaortalized calls i 

10 useful for producing proteins, particularly therapeutic 
'proteins, methods of making such cells, methods of using 
the cells for in vitro protein production and methods of 
gene therapy. Cells of the present invention are of 
vertel>rata origin, particularly of mammalian origin and 

15 even more particularly of human origin. Cells produced by 
the method of the present invention . contain exogenous DNA 
which encodes a therapeutio product, exogenous DNA which 
is itself a therapeutic product and/or exogenous DNA which 
causes the transfected cells to express a gene at a higher 

20 level or with a pattern of regulation or induction that is 
different than occurs in the corresponding noritransfected , 
cell. 

The present invention also relates to methods by 
which primary, secondary, and iaaortalized cells are 

25 transfected to include exogenous genotic material, methods 
of producing clonal cell strains or heteroganotts cell 
strains, and methods of immunising animals, or producing 
antibodies in immunited animals, using the transfected 
primary, secondary, or iomortalired cells. 

30 The present invention relates particularly to a 

method of gene targeting or homologous recombination in 
cells of vertebrate, particularly mammalian, origin. That 
is, it relates to a method of introducing DKA into prima- 
ry, secondary, or immortalized cells of vertebrate origin 



AFTY DOCKET NO.: 7839-017 
SERIAL NO.: Oa/1 02.300 
EXHrBfT: A 



SENT BY:PENNIE & EDMONDS ; 12-29-94 ; 4:45PM ; PENNIE & EDMONDS-* 703 305 30U;#32 



WO94/Ui50. PCTAJS93/jn04 



10 



25 



30 



-3- 

through' hoir.ologous recoabination, such that the DKA is 
introduced into genomic OKA of the primary, secondary, or 
iiunortalized cells at a preselected site. The targeting 
sequences used are determined by (selected with reference 
to) the site into which the exogenous DKA is to be insert- 
ed. The present invention further relates to hoaologously 
recojnbinant primary, secondary, or iBaaortalized calls, 
referred to as. hoaologously recombinant (HR) priaaryi 
secondary or iaaortalized cells, produced by the present 
oethod and to uses of the HR priaary, secondary, or inmor- 
talized cells. 

The present invention also relates to a method of 
activating (i.e., turning on) a gene present in prinary, * 
secondary, or iaaortalized cells of vertebrate origin, 
15 which is normally not expressed in the cells or is not 
expressed at physiologically significant levels in the 
cells as obtained. According to the present method, 
homologous recombination is used to replace .or disable the 
regulatory region normally associated with the gene in 
ciallfi as obtained with a regulatory seijuence which causes 
the gene to be expressed at levels higher than evident in 
the corresponding nontransfaoted cell, or to display a 
pattern of regulation or induction that is different than 
evident in the corresponding nontransfected cell. The 
present invention, therefore, relates to a method. of 
making proteins by turning on or activating an endogenous 
gene which encodes the desired product in transfected 
primary, secondary, or iaaortalized cells. 

In one eabodiment, the activated ' cfone can be further 
amplified by the inclusion of a selectable marker gene 
vhich has the property that cells containing amplified 
copies of the selectable marker gene can be selected for 
by culturing the cells in the presence of the appropriate 
selectable agent. The activated endogenous gene which is 
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naar or linked to tha amplified selectable marker gene 
will also be amplified in cells containing the amplified 
selectable aarker gene. Cells containing many copicer of 
the activated endogenous gene are useful for An VA^ffQ 
5 protein production and gene therapy. 

Gene targeting and anplif ication as disolosod in the 
present invention are particularly useful for turning on 
the exprassio'rt of genes vhlch fom transcription units 
vhlch are sufficiently large that they are difficult to 

10. . isolate and express, or for turning on- genes for which the 
entire protein coding region la unavailable or has not 
been cloned. The present invention also describes a 
method by which honologoua recombination is used to con- 
vert a gene into a oDHA copy/ devoid of introns, for 

15 transfer into yeast or bacteria for in vitro protein 
production. 

Transfected calls of the present invention are useful 
in a number of applications in husans and ani&al6« In one 
anbodiment, the cells can be implanted into a hmaan or an 

20 animal for protein delivery in the human or animal* For 
example, human growth hormone (hCH) , h^iaan EPO (hEFO) , 
husan insiilinotropin and other proteins can be delivered 
systeaioally or locally in huaana for therapeutic bene- 
fits* Barrier devices i which contain transf acted calls 

25 which express a therapeutic product and through which the 
therapeutic product 'is freely permeable ^ can be used to 
retain cells in a fixed position In vivo or to protect and ■ 
isolate the cells from the host's ismune system. Barrier 
•devices are particularly useful and allow traiisfected 

30 . immortalised cells, transfacted cells from another species 
(transfected xenogeneic cells) , or cells from a nonhisto- 
conpatibility-aatched donor (transfected allogeneic cells) 
to he implanted for treatment of human or animal condi- 
tions or for agricultural uses (e.g., meat and dairy 
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. production) * Barrier devices also allow convenient short- 
term (i.e., transient) therapy by providing ready access 
to the cells for renoval when the treatment regimen is to 
ba halted for any reason. Transfected xenogeneic and 
5 allogeneic cells &ay be used tor short-term gene therapy, 
such that the gene product produced by the cells will be 
delivered jjx vivo until the cells are rejected by the 
host's isuaune system. 

j Transfected cells of the present invention are also 
10 useful for eliciting antibody production or for iomunizing 
humans and animals against pathogenic agents. Implanted 
transfected cells can be used to deliver immunizing anti- 
gens that result in stiaulation of the host's cellular and 
humoral immune responses. Th'ese ia&une responses can be 
15 designed for protection of the host from future infectious 
agents (i.e., for vaccination), to stimulate and augment 
the disease-fighting capabilities 'directed against an 
ongoing infection, or to produce antibodies directed 
against the antigen produced in vivo by the transfected 
20 cells, that can be useful for therapeutic or diagnostic 

purposes. Renovable barrier devices can be used to allow 
a eimple means of terminating exposure to the antigen. 
Alternatively, the use of cells that will ultimately, be 
rejected (xenogeneic or allogeneic transfected cells) can 
25 be used to limit exposure to the antigen, since antigen 
production will cease when the cells have been rejected. 

The methods of the present invention can be used to 
produce primary, secondary, or Immortalized cells produc- 
ing a vide variety of therapeutically useful products, 
including (but not United to) : hormones, cyto)cines, 
antigens, antibodies, enzymes, clotting factors, transport 
proteins, receptors, regulatory proteins, structural 
proteins, transcription factors, or anti-sense RNA. 
Additionally, the methods of the present invention can bo 
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used to produce calls which prcduca non-naturally occur- 
ring ribozynes, proteins, or nucleic acids which are 
useful for in yMxP production of a therapeutic product or 
for gene therapy • 

5 Brief Deaorltatien of the Pravtnqft 

' Figure 1 ia a schesatio representation of plasnid 
pXGH5, which 'includes the hunan growth homone (hGH) gane 
under the control of the nouae aetallothionein promoter. 
Figure 2 is a scheaatio representation of plasnid < 
10 pcDNZo, which includes the neo coding region (BaaHI-Bglll 
fragment) from plasmid pSV2nco inserted into the BaiaHI 
site of plasaid pcD; the Aap-R and pBR3220ri sequences 
from pBR322i and the polyA, l^fiS splice junctions and early 
promoter regions from SV40. 
IS Figure 3 is a schematic representation of plasnid 

pXEPOl. The solid black arc represents the pUC12 backbone 
and the arrow denotes the direction of transcription of 
the attpicillin resistance gene. The stippled arc repre- 
sents the mouse metallothloneln promoter (paMTl) • The 
10 unfilled arc interrupted by black boxes represents the 
huaan erythropoietin EPO gene (the black boxes denote 
exons and the arrow Indicates the direction hEPO tran- 
scription) < The relative positions of restriction endonu- 
olease recognition sites are indicated, 
5 Figure 4 Is a schematic representation of plasnid 

pE3neoEPO» The positions of the human erythropoietin gene 
and the neo and amp resistance genes are indicated. 
Arrows indicate the directions of transcription of the 
various genes • pmHTl denotes the mouse metallothloneln ' 
D promoter (driving hEPO expression) and. pTK denotes the 
Herpes Simplex Virus thymidine kinase promoter (driving 
neo expression) , The dotted regions of the nap mark the 
positions of human HPRT sequences. The relative positions 
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